Introduction: In 2013, the National Institutes of Health and the Food and Drug Administration funded a network of 14 Tobacco Centers of Regulatory Science (TCORS) with a mission that included research and training. A cross-TCORS Panel was established to define tobacco regulatory science (TRS) competencies to help harmonize and guide their emerging educational programs. The purpose of this paper is to describe the Panel's work to develop core TRS domains and competencies. Methods: The Panel developed the list of domains and competencies using a semistructured Delphi method divided into four phases occurring between November 2013 and August 2015. Results: The final proposed list included a total of 51 competencies across six core domains and 28 competencies across five specialized domains. Conclusions: There is a need for continued discussion to establish the utility of the proposed set of competencies for emerging TRS curricula and to identify the best strategies for incorporating these competencies into TRS training programs. Given the field's broad multidisciplinary nature, further experience is needed to refine the core domains that should be covered in TRS training programs versus knowledge obtained in more specialized programs. Implications: Regulatory science to inform the regulation of tobacco products is an emerging field. The paper provides an initial list of core and specialized domains and competencies to be used in developing curricula for new and emerging training programs aimed at preparing a new cohort of scientists to conduct critical TRS research.
Introduction
tobacco regulatory science (TRS) research activities. 3 The TRSP aims to inform FDA's regulatory authorities and capitalizes on NIH's infrastructure to support tobacco-related research and funding.
In September 2013, the TRSP funded 14 US-based Tobacco Centers of Regulatory Science (TCORS) with a broad range of scientific expertise (eg, epidemiology, economics, toxicology, addiction, and marketing). Funded for an initial period of 5 years and a projected investment of more than $273 million, 4 the TCORS grantees aim to increase knowledge across the full spectrum of basic and applied research on tobacco and addiction, providing evidence that the FDA will use to develop meaningful product regulation. A hallmark of the TCORS program is that each center is required to provide predoctoral and/or postdoctoral training and education to produce the next generation of tobacco regulatory scientists. Overall, the reach of the emerging trainee programs is not insignificant; over 150 trainees received training through these programs during the 2013 through 2015 academic years, and the programs continue to grow.
TRS is "the scientific discipline that supports the evaluation of the risks and benefits of tobacco regulatory decisions and provides a robust scientific foundation for regulatory policies." 5 As used in this paper, TRS refers to research intended to inform the FDA's regulation of tobacco. Notably, some important tobacco regulatory activitiessuch as enacting tobacco taxes or clean indoor air laws-are outside the authority of the FDA and are left to Congress or state and local governments. Thus, TRS might be defined more expansively for other purposes. It also in important to understand the goals of TRS (ie, scientific inquiry specifically intended to inform regulation) in the context of what may be considered the broader field of tobacco control research (ie, scientific inquiry intended to advance knowledge about prevention or treatment of tobacco-related disease). Scientific research priorities for tobacco control research may be significantly broader than the TRS funding priorities identified by the FDA and NIH.
Given its applied nature, TRS not only requires understanding of the scientific questions related to tobacco use and impacts on population health, but also insight into FDA's regulatory authority, the regulatory process, and how research evidence can both inform FDA's work and withstand potential judicial challenges. 6 Since the FDA's authority includes regulation of tobacco product manufacturing; regulation of tobacco product advertising, marketing, promotion, distribution, and sales; enforcement of regulations; and public education, 7 a particular challenge for the TCORS grantees has been defining the key competencies of this new scientific discipline to inform the development of their training programs.
In response to this challenge, and in recognition that TRS required different training than has previously been offered to investigators working in traditional tobacco control, a TRS Competency Panel (the Panel) was formed with representation across TCORS grantees to conduct a needs assessment and establish a standardized set of TRS core domains and competencies. The goal of this effort was to ensure a shared knowledge base that could be demonstrated by future tobacco regulatory scientists, regardless of disciplinary background. The purpose of this article is to describe the work of the Panel to develop core and specialized TRS domains and competencies.
Methods
The Panel was composed of faculty and staff-directing/coordinating the TCORS training programs, NIH and FDA scientists, and 
Phase I
The process began with the collection of TCORS TRS Training Program Descriptions and Course Syllabi from each TCORS grantee. Next, the Panel conducted a brainstorming session and developed a list of proposed TRS domains. Each TCORS Training Program was then asked to compare their list of existing TRS training competencies to the proposed list of TRS domains, organizing the list using Bloom's taxonomy 8 which is a set of three hierarchical models used to classify educational learning objectives into levels of complexity and specificity. The three models cover cognitive, affective, and sensory domains, and the cognitive domain is frequently used to structure curriculum learning objectives, assessments, and activities. Following Bloom's taxonomy ensured the promotion of higher level thinking such as analyzing and evaluating concepts, processes, procedures, and principles, rather than just remembering facts (rote learning). These data were compiled into one draft list of all potential competencies according to the original domains identified
Phase II
During the second phase, the Panel conducted a stepwise review of the draft list of domains and competencies. During the first step, the Panel compared the draft list to the data collected in phase I to ensure that there were no gaps. The second step consisted of collapsing and revising competencies to improve clarity and limit redundancy. During the final step of phase II, the revised list of domains and competencies was shared with all TCORS grantees, and each site was asked to review the list with their training teams and provide feedback to the Panel related to both content and its utility in plans for program/course development. It was noted at this time that the domains and competencies were not intended for use as an evaluation tool. Phase II's stepwise review revealed the need to distinguish between core TRS domains (set of competencies that are considered basic and essential for all TRS trainees) and specialized domains (competencies related to TRS with a very specific area of emphasis).
Phase III
In the third phase, an online ranking tool was developed and disseminated to all TCORS programs to help the Panel members in differentiating between core and specialized domains. The members ranked the list of competencies according to whether they were a core competency or a specialized competency required by trainees focused on that specific domain of TRS. For example, "health consequences of tobacco use and population health impact" was ranked as a core domain with "epidemiology of health consequences of tobacco and nicotine use and exposure: person, place and time" ranked as one of the competencies under this domain. Toxicology was ranked as a specialized domain with "characterizing the utility of bio-markers of toxicity for regulation" ranked as one of the competencies under this specialized domain. Respondents were also allowed to provide in any additional competencies considered still missing from the list. The Panel analyzed the results of the online ranking to determine whether there was consensus around if, and how, to distinguish between core and specialized domains and competencies.
Phase IV
The fourth and final phase of the project consisted of disseminating the list of core and specialized domains and competencies to all TCORS grantees and soliciting further comment. All feedback was collected through email and regular conference calls. The final list of domains and competencies was proposed and accepted by the TCORS training programs in August 2015.
Results
The compilation of TCORS TRS Training Program Descriptions and Course Syllabi in phase I revealed variation in the size, focus, and maturity of these new TRS trainee programs (Table 1 ). In addition to programmatic differences in approach across the different trainee programs, TRS-related aggregate courses of study, or curricula, varied greatly across TCORS sites. There was a lack of consensus regarding general skill areas (referred to as domains), and corresponding abilities and knowledge to produce a learning outcome (referred to as competencies), required by emerging tobacco regulatory scientists.
After phase I, an initial list of 234 competencies was provided by nine TRS training programs pertaining to the 13 original domains that were developed through the initial brainstorming session. After the Panel's phase II discussion and review, a revised list of 85 competencies across 14 domains was shared with the TCORS training programs for feedback. The feedback reflected a lack of consensus around the fundamental value of all the listed domains. Specifically, different TCORS training programs' course syllabi placed more weight or focus on some of the domains than others. Additionally, overlap across some of the domains was detected, which resulted in a recommendation for consolidation. The results of the phase III online ranking instrument developed to analyze the value different training programs placed on the draft domains and competencies found that seven domains had support from seven or more TCORS as essential elements of TRS training while four or fewer TCORS found the remaining six domains as essential for all trainees ( Table 2) . The panel agreed to use this divide in the results (score of ≥7) as the cutoff to split the domains into core and specialized training components. Based on further feedback and discussion, a final list of domains and competencies was developed in phase IV, approved by the Panel, and adopted by the TCORS programs. As a result of merging domains to eliminate redundancy, the final list includes total of 51 competencies across six core domains and 28 competencies across five specialized domains (Tables 3 and 4 
Discussion
In this article, we propose core and specialized domains and competencies to be used in developing curricula for TRS training programs.
These competencies are intended as a starting place for discussions among those involved in TRS training programs. Established TRS training programs can use these domains and competencies to classify training materials and resources as well as to identify any potential curricular gaps in a systematic way. Emerging training programs can use them to guide the development of new curricula. The TRS domains and competencies are also designed to methodically characterize content knowledge and general skill levels typically needed for TRS-related research and policy activities and to facilitate harmonization across TRS programs. Notably, the list is not meant to serve as the basis for trainee evaluation or certification by TCORS programs; instead, it reflects a general consensus among programs currently designed to prepare future tobacco regulatory scientists.
As is clear from the list of competencies produced by the Panel, TRS as defined for the purposed of this paper is distinct from both (1) tobacco control research and (2) other types of regulatory science. TRS is both narrower and broader than tobacco control research, as traditionally understood. It is narrower in the sense that it is focused on research that directly or indirectly informs the FDA's regulation of tobacco. Thus, topics such as smoke-free laws and tobacco taxes, which have been the subject of considerable tobacco control research, are not the primary focus areas because the FDA does not have the authority to regulate where smoking occurs or to impose taxes. While these subjects are still relevant to TRS (included in Domain 3) as they inform the context in which the FDA operates and may directly impact areas in which FDA does operate, they are not central topics as in traditional tobacco control research. At the same time, TRS introduces the consideration of new topics, such as tobacco product standards and restrictions on "modified risk" claims, which were not major areas of tobacco control research before FDA was granted the authority to impose these types of regulations (Domain 4).
It is also important to emphasize that TRS is distinct from other types of regulatory science. TRS requires a detailed understanding of the FDA's regulatory authority and processes (and legal limitations), so that research can be developed that is relevant and useful to the FDA (included in Domain 2). The legal and regulatory framework governing tobacco regulation is very different than for any other regulated products. For example, the "safe and effective" standard applied by the FDA to many other regulated products is not appropriate for tobacco products, which are inherently unsafe. Therefore, the Tobacco Control Act sets forth a novel "public health standard" for regulatory actions, which requires taking into consideration the health of the population as a whole, including users and nonusers of tobacco products (included in Domain 1). This standard presumes that although tobacco products are inherently unsafe, the FDA can take effective regulatory action to reduce tobacco-related disease and death. Differences in the evidence needed to evaluate the potential impact of regulatory actions using the public health standard mean that materials designed for regulatory science courses in other contexts (eg, pharmaceutical, medical device, or food and dietary supplement) are of limited utility in preparing researchers to engage in TRS. Likewise, an understanding of the history of tobacco control efforts (and industry efforts to oppose and undermine regulations) is indispensable to TRS, although such training may not be needed in other regulatory science contexts.
Comprehensive training in ethical, responsible, accountable, and transparent research, including conflict of interest, is required of all NIH-funded training programs (included in Domain 6). In addition to understanding how best to frame TRS-related research questions Programmatic research to examine the influence of flavors, and related factors, on preference for and addiction to tobacco products • Postdoctoral and junior faculty trainees focus specifically on the regulation of tobacco products as it pertains to reducing addiction, as well as other priorities outlined by the FDA
• Lecture series on Regulatory Science of Tobacco and Models of Addiction will be incorporated into courses • Opportunities provided for scientific exchange through small travel grants for appointees to attend conferences relevant to reducing addiction and understanding tobacco regulatory science Economic: Cost/Benefit • Explaining how assumptions from traditional economic theory apply/do not apply to the analysis of tobacco products • Discussing and estimate the economic cost of tobacco use • Critically evaluating cost-effectiveness analysis used to inform tobacco regulatory decision-making to best inform FDA, the history of the tobacco industry's tactics and involvement in tobacco-related research and policy debates and the process of public comment to inform FDA regulatory action illustrates the need for a unique focus on these aspects in TRS training efforts. The TRS research community and tobacco companies are-with many others-stakeholders in FDA's implementation of the Tobacco Control Act and are likely to engage in scientific debate through FDA's public comments and public workshops. Training in the conduct of rigorous research and dissemination of research findings, beyond traditional academic routes are necessary to inform FDA's evidence-based regulatory actions.
The FDA's regulation of tobacco is not static. In May 2016, after this list of competencies was completed, the FDA finalized its "deeming rule," extending its oversight to products including electronic cigarettes, cigars, pipe tobacco, and hookah tobacco that were previously unregulated by the FDA. 9 The FDA will soon need to make regulatory decisions relating to these new products, and the TCORS centers have already engaged in a considerable amount of research that will help to inform these regulatory judgments. As this example suggests, the scope of the focus of FDA regulatory activities is likely to continue to change over time. Thus, those engaged in TRS must have a broad enough training to anticipate and contribute to future FDA regulatory needs. The competencies are designed to be broad and flexible enough to fulfill this purpose. In addition, it is important that TRS research should not be artificially constrained by the boundaries of FDA authority in a manner that would render the research unsystematic or unscientific. For instance, even though the FDA does not have the authority to impose tobacco excise taxes, it is impossible to study the FDA's potential regulation of marketing or sales restrictions without taking the role of taxes into account.
The TRS domains and competencies presented here reflect the multidisciplinary nature of TRS and the diversity of the TCORS institutions. No single TCORS has the expertise to fully train trainees in all of the TRS-relevant areas. The split between core and specialized domains emphasizes the need for diverse trainees who share a common foundation but bring specific technical skills and perspectives critical to future tobacco regulation. The Panel recognized the essential contributions that addiction, toxicology, litigation, communication, and economics (included in the five specialized domains) play in advancing TRS but also recognized that it was likely beyond the capacity for programs to ensure competency within each of these subject areas among all TRS trainees. Key to the development of well-rounded TRS trainees will be crossinstitutional collaboration and resource sharing and acknowledgement of the need for team-based research approaches. Reflective of this environment, TRS trainees need specific training in how to partner with professionals in vastly different fields than their own (included in Domain 6).
Resource sharing is already taking place through internal TCORS platforms. For researchers involved in TCORS-funded research. A coordinating center compiles TRS training materials, develops novel trainings to meet core needs, and facilitates training opportunities. Some resources are publically available on the TRSP Web site and there is ongoing discussion regarding how to make TRS training materials available to non-TCORS affiliates, non-CTP funded trainees who request them.
Although developed in the context of US-focused TRS efforts, these domains and competencies may help to inform educational efforts in other countries as well. Influenced by the Framework Convention on Tobacco Control, many other countries have taken major steps in the past decade to bring tobacco products under regulatory supervision. Coordinated by the World Health Organization, there is an emerging network of international tobacco regulators, leading to opportunities for TRS efforts (including training efforts) to be coordinated, and results disseminated, across national boundaries. 10 In addition, legal challenges to tobacco control measures are common worldwide and are vulnerable to negative outcomes unless researchers anticipate and answer the doctrinal questions the courts are likely to ask. Recent trade-related litigation in the United States, Australia, and Uruguay serves as a reminder that policy makers and scientists need to directly connect science to the applicable legal standards being considered by courts and dispute settlement bodies worldwide. Consequently, TRS training programs need to be expanded well beyond the current TCORS network, and these initial competencies can serve as a guide for programs well beyond the United States.
The process of developing the competencies included outreach to representatives of all TCORS grantees, as well input from staff at NIH and CECTR. However, not all TCORS programs participated equally in the process and some did not respond to the request for initial competencies to be reviewed. Greater participation and engagement in the competencies development process may have resulted in missed competencies and changed the outcome of the rankings. While effort was made to reduce redundancy between the Domains, there is overlap and classification of some competencies could potentially fall under a different domain. There is a need for continued debate and dialogue to validate the proposed set of competencies and to identify the best strategies for incorporating these competencies into TRS educational programs. Given the field's broad multidisciplinary nature, further experience is needed to delineate the core competences that should be covered in general educational programs verses subcompetencies obtained in specialized programs.
Regulatory science to inform the regulation of tobacco products, as well as associated public education efforts, is an area that is ripe for exploration. To enable this critical research, a new cohort of scientists needs to be trained in the emerging field of TRS. Key to any new discipline is the determination of core competencies to guide training programs. The domains and competencies derived by consensus among the initial TCORS grantees serve as basis for the existing and emerging TRS training programs to assess their program offerings, and identify potential gaps, and engage other TCORS training programs to ensure that all trainees have the opportunity to gain core and specialized TRS knowledge.
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